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414 M. Shweel et al.Results: All patients tolerated the examination well. Various levels of LDS obstruction were
detected, common canaliculus in 4 (19%) patients, lacrimal sac in 3 (14.2%), junction between lac-
rimal sac and NLD in 9 (42.8%) and NLD obstruction in 5 (23.8%) patients. The most common
CTDCG ﬁndings were dilated opaciﬁed lacrimal sac with no opaciﬁcation of the nasolacrimal duct
(NLD) in 9/21 (42.8%) patients. Curved planner reformation (CPR) were excellent to detect the
nasolacrimal duct (NLD) obstruction.
Conclusion: CTDCG is a non-invasive patient friendly procedure that adds beneﬁt in documenta-
tion and preoperative planning.
 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.Fig. 1 Patient satisfaction with the procedure (Graded as: Good;
with no patient complaints. Moderate; with minimal patient
complaint and poor; with signiﬁcant patient dissatisfaction).1. Introduction
Obstruction of lacrimal drainage system (LDS) and conse-
quent epiphora is a common ophthalmologic problem. Ana-
tomical obstruction may occur at any point along the
lacrimal drainage pathway and may be congenital or acquired
(1). Clinical examination and probing are often sufﬁcient to
diagnose and plan treatment (2). However, imaging of the lac-
rimal system is often required in the assessment of complex lac-
rimal conditions as in patients with medial canthal tumors,
mid-face trauma or following sinus or lacrimal surgery. Vari-
ous imaging modalities, including conventional cannulation
dacryocystography, nuclear scintigraphy, computed tomogra-
phy (CT) and magnetic resonance imaging (MRI), are avail-
able each with its own beneﬁts and limitations (3).
Conventional cannulation dacryocystography is the stan-
dard technique to visualize the lacrimal drainage system in pa-
tients with signs and symptoms of obstruction and helps in
visualizing the interior of the lacrimal drainage system.
Whereas, dacryoscintigraphy, provides functional information
and is considered a physiological study of the lacrimal drain-
age system (4–6).
MRI scanning can show the lacrimal sac (LS) clearly, but it
does not show the canaliculi, furthermore, it is expensive, gives
poor bony details, and has a long acquisition time with image
degradation in case of patient movement; therefore, is not rec-
ommended as a routine examination (4,6)
Topical contrast material instillation dacryocystography
has been combined with conventional CT to improve visualiza-
tion of the lacrimal drainage system. In 2002 Freitag and
co-workers, described CT dacryocystography (CTDCG) tech-
nique in detail (7). The introduction of helical CT added a new
dimension to noninvasive visualization of the lacrimal outﬂow
apparatus using topical contrast media, moreover, helical CT
can be used to obtain multiplanar and three-dimensional
images, but these images suffer from poor spatial resolution
in the reconstructed plane (6).
Multidetector CT (MDCT) is the latest advancement in CT
technology. It uses a multiple row detector array instead of the
single-row detector array used in helical CT. This allows faster
scan times, with shorter breath-hold time. This reduces motion
artifacts which in turn, produces more diagnostic images. Fur-
thermore, increased volume coverage combined with thinner
slice thickness obtains better quality, volume data sets, for
workstation analysis, either in multiplanar reformation
(MPR), curved planner (CP) reformation or 3-D imaging.
Moreover, by using MDCT, different image thickness can be
obtained from the same acquisition data set (8).In this study we combined the easy and comfortable instil-
lation dacryocystography with MDCT. To our knowledge, no
previous studies used this combination in the assessment of the
lacrimal drainage system.
2. Patients and methods
This prospective study was approved by the local research eth-
ics committee of our institution. During the period from
March to December 2011, twenty-one patients (18 females
and 3 males) with one sided primary epiphora were clinically
evaluated in Ophthalmology Department for LDS obstruc-
tion. Their ages ranged from 5 to 50 years. All patients were
subjected to careful ophthalmic history taking and clinical test-
ing which include: inspection of puncti, palpation of the lacri-
mal sac, regurge test, syringing (irrigation), and diagnostic
probing. The patients with history of previous lacrimal sur-
gery, swelling, trauma, or punctual stenosis were excluded
from this study.
All patients were referred to the Radiology Department at
the same location and underwent combined MDCT and instil-
lation dacryocystography examination. All MDCT examina-
tions were performed using 16 detectors CT scanner (GE
bright speed). Image acquisition parameters (Pitch 0.5625:1,
Rotation time 1.0, Type Helical, Start S0.0, End S110.0, Thick
(mm) 3.0, Detector Collimation (mm) 0.75, Speed 5.625, Rows
16 · 0.625, Int 5.0, Tilt S0.0, SFOV Head, kV 120, mA 340).
Two drops of water-soluble non-ionic contrast medium
iohexol (Omnipaque, 300 mg iodine/ml) were instilled into
the conjunctival cull de sac of the diseased site every minute
for total of 5 min, followed by instillation of 2 drops when
Table 1 Level of lacrimal drainage obstruction as detected by
CTDCG and clinical testes.
Level of obstruction CTDCG Clinical testes*
Common canaliculus 4/21 (19%) 4/21 (19%)
Lacrimal sac 3/21 (14.2%) 3/21 (14.2%)
Lacrimal sac to NLD junction
(= proximal NLD obstruction)
9/21 (38%) 14/21 (66.6%)
NLD 5/21 (23.8%)
* Clinical testing including: inspection of puncti, palpation of the
lacrimal sac, regurge test, syringing (irrigation), and diagnostic
probing.
Evaluation of lacrimal drainage system obstruction 415the patient placed supine on the scanner table. Simultaneous
MDCT scanning of the facial structures was performed. The
used contrast media was iodinated, low-osmolar, water-soluble
and non-ionic. At the end of examination, a few drops of saline
were instilled to assist the elimination of the contrast.
A scout view was obtained, the angle of examination was
adjusted with the reference line parallel to the infra-orbital
margin, the examination was started at the hard palate margin
and the scans were taken in the superior direction up to theFig. 2 CTDCG, (A) Axial image showed ﬁlling of the common cana
(B) Coronal reformatted image showed ﬁlling of the superior, inferio
black arrow), and dilated lacrimal sac with obstruction at the junction
reformatted image showed obstruction at the junction between the LS a
length of the NLD with obstruction at the junction between LS and Nsuperior margin of the orbit. Contiguous axial cuts 2 mm in
thickness were taken. No Intravenous contrast media was
used.
The axial source images were transferred to ‘‘Advantage
Workstation (AW) volume share 2’’ for image reconstruction,
where multiple techniques were used. multiplanar reformations
(MPR) in coronal, sagittal and oblique planes were performed
routinely to detect anatomical level of lacrimal drainage sys-
tem obstruction. Curved planner (CP) reformation was created
to demonstrate the entire nasolacrimal duct (NLD) in the same
image. Maximum intensity projection was performed to dis-
play the contrast-ﬁlled lacrimal drainage system. 3-D recon-
structed images and virtual endoscopy was performed
occasionally to delineate the air ﬁlled NDL distal to site of
obstruction were performed to obtain a summary picture for
the referring ophthalmologists.
Analysed data included:
1. Clinical level of obstruction.
2. Patient satisfaction with the procedure (Graded as: Good;
with no patient complaints. Moderate; with minimal
patient complaint and poor with signiﬁcant patient
dissatisfaction).liculus (white arrow) and lacrimal sac (black arrow) with contrast,
r (white arrows), normal ﬁlling of the common canaliculus (short
between the LS and NLD (long black arrow), (C) Oblique sagittal
nd NLD (black arrow), (D) CPR image showed the whole vertical
LD (arrow head).
Fig. 3 CTDCG; (A) axial, (B) coronal reformatted image, (C) Coronal reformat MIP image and (D) oblique sagittal MIP showed ﬁlling
of superior, inferior canaliculi with contrast. No opaciﬁcation of the common canaliculus = obstruction at the level of common
canaliculus (arrow heads).
416 M. Shweel et al.3. All axial source and post processing images were reviewed
to assess their effectiveness to visualize different parts of
the LDS and their ability to conﬁrm and locate the level
of obstruction.
4. The level of obstruction was compared with the ﬁnal clini-
cal reports.
Statistical analysis: Data entry and analysis were done
using SPSS software version 9.3. Results
Twenty-one patients were enrolled 18/21 (85.7%) females and
3/21 (14.2%) males, age ranged from 5 to 50 years. All patients
presented with one-sided primary epiphora. Thirteen patients
(61.9%) had right sided epiphora and 8/21 (38%) patients
had left sided epiphora.
Water-soluble non-ionic contrast medium MDCT dacryo-
cystography by instillation technique was performed success-
fully, rapidly, and safely in all patients included in the study
cohort. One patient (4.7%) reported minimal eye irritation
with no pain or residual side effect and scored moderate in pa-
tient satisfaction. Patient satisfaction was shown in Fig. 1CTDCG showed obstructions at various levels of the lacri-
mal outﬂow system 4/21 (19%) at level of the common canalic-
ulus, 3/21 (14.2%) at LS, 9/21 (42.8%) at the junction between
the lacrimal sac and duct (=proximal NLD), and 5/21 (23.8%)
along the tract of the lacrimal duct. Clinical evaluation of the
LDS system showed same levels of obstruction with the excep-
tion of NLD level where the clinical testes did not differentiate
proximal form distal NLD obstruction. Results were summa-
rized in Table 1 (Figs. 2–5).
As regarding effectiveness of the axial and post-processing
images to detect different levels of LDS obstruction; MPR
(coronal, sagittal and oblique images) were well suited to de-
tect common canalicular obstruction, axial as well as MPR
images showed clearly the obstruction at the level of the lacri-
mal sac, MPR and CPR images showed clearly the obstruction
at the junction between the lacrimal sac and NLD (=proximal
NLD), and CPR images were excellent to detect the NLD
obstruction. Results were summarized in Table 2 (Figs. 2–5).
CTDCG showed opaciﬁcation of the canaliculi with no
opaciﬁcation of the LS and NLD in 4/21 (19%) patients,
incomplete contrast ﬁlling of the LS with no paciﬁcation of
the NLD in 3/21 (14.2%), dilated opaciﬁed sac and no opaci-
ﬁcation of the NLD in 9/21 (42.8%), partial distal NLD
obstruction with delayed faint opaciﬁcation in 2/21 (9.5%),
Fig. 4 (A) Axial soft tissue window and (B) Axial bone window images showed medial canthal thickening and incomplete ﬁlling of LS
with contrast (arrow heads), (C) Coronal reformatted and (D) oblique sagittal reformatted images: showing incomplete ﬁlling of LS with
contrast stasis and no ﬁlling of the NLD (arrow heads).
Evaluation of lacrimal drainage system obstruction 417and complete NLD obstruction in 3/21 (14.2%). Results were
summarized in Table 3 (Figs. 2–5).
4. Discussion
The lacrimal drainage apparatus is susceptible to a multitude of
pathologic ﬁndings, including obstruction, infection, inﬂamma-
tion, and neoplasms. The diagnosis of these processes is aided by
the use of radiologic studies. Several techniques have been used
to image the nasolacrimal system, providing functional (dacryo-
scintigraphy) or morphologic (dacryocystography) dimensions
Nevertheless, these techniques have their drawbacks (7).
Whereas dacryoscintigraphy is a physiological study of the
lacrimal drainage system, it is limited by suboptimal resolution
and lack of easy availability. Conventional cannulation
dacryocystography is mildly invasive and requires administra-
tion of local anesthesia, cannulation, dilatation of the lacrimal
punctum, and injection of contrast material. Thus requiring
patient cooperation and may be difﬁcult in pediatric patients
without deep sedation or general anesthesia and there is also
the risk of iatrogenic trauma or scarring of the lacrimal appa-
ratus; additionally it offers minimal information extrinsic to
the nasolacrimal drainage system and provides limited soft tis-
sue detail (4,5).MRI scanning is useful in imaging the lacrimal sac, but it
does not show the canaliculi, furthermore, it is expensive, gives
poor bony details, and has a long acquisition time with image
degradation in case of patient movement; therefore, it is not
recommended as a routine examination (6).
In 2002, CT dacryocystography with instillation technique
has been proven to be an easy and safe technique for evalua-
tion of the lacrimal drainage system.(7) The use of topical con-
trast material combined with the helical CT provided a
noninvasive imaging tool with good visualization of the lacri-
mal outﬂow apparatus, moreover, helical CT has been used to
obtain multiplanar and three-dimensional (3-D) images, how-
ever, these images suffer from poor spatial resolution in the
reconstructed plane (6).
Compared with conventional cannulation dacryocystogra-
phy and dacryoscintigraphy, our technique is non-invasive, ra-
pid, easily performed and does not require topical anesthesia,
cannulation, nor dilatation of the lacrimal punctum. When
compared with MRI our technique was very short, well toler-
ated, less costly and gives good bony details. This was in agree-
ment with Moran et al. (9), Karen et al. (10), and Waite et al.
(11) who reported that CT dacryocystography with instillation
technique had many potential advantages including, no cannu-
lation with no risk of iatrogenic injury, better physiologic eval-
Fig. 5 CTDCG: (A) Axial image showed mucosal thickening with mild expansion of the left anterior ethmoid air cells (small ethmoid
mucocele formation). (B) CPR image clearly clariﬁed the whole length of the NLD, it showed partial obstruction of the NLD with delayed
appearance of the contrast in its lower part as well as proximal stasis of contrast (long arrow). Also noted mucosal thickening of the
ethemiod air cells (arrow head). (C) CPR axial, showed partial obstruction of the NLD with delayed appearance of the contrast in its
lower part as well as proximal stasis of contras, also there is mucosal thickening of the inferior turbinate. (D) Virtual endoscopy of the
distal part of the NLD, showed normal patent distal NLD.
418 M. Shweel et al.uation of the patient’s disease than the nonphysiologic disten-
sion of the LDS by cannulation dacryocystognaphy.
Several authors used helical CT with reconstructions in
multiple planes and in three dimensions; and agreed that heli-
cal CT acquisition of images provided the radiologist with
additional diagnostic information. (4,6,7,9,10,12,13). In the
current study we used MDCT because images are superior to
that of helical CT as it provides higher contrast resolution.
Nevertheless, the key advantage of multi-detector CT over
the helical CT is that it was no longer necessary to try to posi-
tion patients for coronal images, and the same data set can be
reconstructed in a smaller ﬁeld of view with thin section mul-
tiplanar reconstructions into any plane through the orbits
and facial bones. This is in agreement with Rydberg et al. (14)
Inspite that bilateral CT dacryocystography by instillation
technique allows examination of both sides in the same setting
as well as comparing the normal and obstructed sides, we per-
formed unilateral CT dacryocystography in all patients, with
no instillation in the normal side to shorten the procedure time
and improve patient satisfaction. This was in line with Udhay
et al. (6), who advised against bilateral CT dacryocystography.We used water-soluble non-ionic contrast medium for all
our patients using the same method as Zinreich et al. (12).
Although oil-based contrast media offer better NLD ﬁlling,
we did not used it in our examination as oil-based contrast
media have higher viscosity which makes instillation in the
conjunctiva impractical, additionally, it forms globules, giving
a false impression of a polycystic sac or diverticula and its
extravasation can lead to severe granulomatous inﬂammation.
Furthermore, we added of topical saline solution at the end of
the examination to improve patient satisfaction; this is in
agreement with Karen et al. (10) who found that addition of
topical saline caused less discomfort than topical contrast
material alone.
In our study, CTDCG showed obstruction at various levels
of the lacrimal outﬂow system, the most frequent encountered
level was the junction between the lacrimal sac and duct
(=proximal NLD), it was seen as dilated contrast ﬁlled LS
with no ﬁlling of the NLD. Followed by obstruction at the
level of the common canaliculi which seen as ﬁlling of the
superior and inferior canaliculi with no ﬁlling of the lacrimal
sac and NLD. Tow of our patients showed partial NLD
Table 2 Effectiveness of the axial and post-processing images
to detect different levels of lacrimal drainage system
obstruction.
Level of obstruction Most eﬀective image
Common canaliculus MPR (coronal, sagittal
and oblique)
Lacrimal sac Axial and MPR
(coronal, sagittal and
oblique)
Lacrimal sac to NLD junction
(= proximal NLD obstruction)
MPR (coronal, sagittal
and oblique) and CPR
NLD CPR
Table 3 CTDCG ﬁndings in our patients.
CTDCG ﬁndings No.
Opaciﬁcation of the canaliculi with
no opaciﬁcation of the LS and NLD
4/21 (19%)
Incomplete contrast ﬁlling of the LS,
with no opaciﬁcation of the NLD
3/21 (14.2%)
Dilated opaciﬁed sac and no
opaciﬁcation of the NLD
9/21 (42.8%)
Complete NLD obstruction 3/21 (14.2%)
Partial distal NLD obstruction with
delayed faint opaciﬁcation
2/21 (9.5%)
Evaluation of lacrimal drainage system obstruction 419obstruction with delayed faint opaciﬁcation, both had associ-
ated nasal pathology. Clinical evaluation of the LDS system
showed same levels of obstruction with the exception of
NLD level where the clinical testes did not differentiate prox-
imal form distal NLD obstruction.
In reviewing our data regarding the effectiveness of the ax-
ial and post-processing images to detect different levels of LDS
obstruction, we found that, direct axial source images were
well suited for visualization of the lacrimal sac and NLD envi-
ronment including bony boundaries, soft tissue and associated
nasal diseases. MPR clearly clariﬁed common canalicular
obstruction, axial as well as MPR images showed clearly the
obstruction at the level of the lacrimal sac, MPR and CPR
images showed clearly the obstruction at the junction between
the lacrimal sac and NLD (=proximal NLD). CPR images
were excellent to detect the NLD obstruction as it displayed
the lacrimal sac and whole length of the NLD in an uninter-
rupted longitudinal image, this was one of the advantages of
our combination between MDCT and instillation dacryocys-
tography as clinical testing could not differentiated if the
NLD obstruction was distal or proximal. Cademartiri et al.
(15) postulated that CPR was used to display structures course
in and out of the MPR. We used maximum intensity projection
(MIP) to display the contrast-ﬁlled lacrimal drainage system in
ﬁne details without skeletal and facial soft-tissue overlaps. 3-D
reconstructed images and virtual endoscopy (the latter per-
formed to delineate the air ﬁlled NDL distal to site of obstruc-
tion) were performed only in 4 patients as both added no
improvement in the diagnosis.
On the basis of our data; there was no signiﬁcant differ-
ence in the detection of simple obstruction between CT
dacryostography and clinical testing. Furthermore, clinicaltesting does not require delivery of ionizing radiation to the
crystalline lens. On the other hand, CT dacryostography
was safe, fast and objective method. It allowed visualization
of the canaliculi, sac and NLD which consequently provided
us with useful information about the exact level of obstruc-
tion. Therefore, this technique is superior to clinical evalua-
tion particularly of the lower lacrimal drainage system as it
can identify the level of obstruction which cannot be deter-
mined by irrigation method (syringing). Moreover, this tech-
nique needed no manipulation of the lacrimal system, and
obviated the need for probing or cannulation which may be
traumatizing or associated with false passage. In addition,
this technique was not a time consuming like clinical evalua-
tion methods or other imaging techniques. Furthermore, it
was performed rapidly allowing examination of pediatric or
less cooperative patients without the need for sedation. For
the above reasons this imaging technique of evaluation is
highly reproductive and objective.
Limitation of this study was that it did not included pa-
tients with complex lacrimal pathology, however the initial
outcome of this modality is encouraging.
5. Conclusion
MDCT combined with instillation dacryocystography offers
visualization of the lacrimal drainage system in ﬁne detail with
high contrast resolution that adds beneﬁt in documentation
and preoperative planning. Additionally improved patient
comfort and short acquisition time makes this technique suit-
able for children and uncooperative patients.
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